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SYMPOSIUM: BOVINE IMMUNE SYSTEM

Introduction

Inereasing numbers of scientists are involved
in studying the immune system of cattle. In
recognition of this development, a symposium
on the subject was convened at College Park,
Maryland, November 18 to 20, 1970. The
symposium was sponsored by the Divisions of
Eastern Marketing and Nutrition Research and
Veterinary Sciences Research of the Agricul-
tural Research Service, U.S. Department of
Agriculture, and the New York State Veterinary
College.

The suceess of the symposium was ensured by
contributions from the Veterinary Biologics

Division and the Animal Health Division of the

Agricultural Research Service, U.S. Department
of Agriculture; Miles Laboratories, Ine.;
Jensen-Salsbery Laboratories; Fort Dodge
Laboratories; Pitman-Moore, Inc.; Norden
Lahoratories; Armour Pharmaceutical Com-
pany; and Elanco Products Company (Eli
Lilly).

The objectives of the symposium were three-
fold: to provide a candid exchange of current
information among those studying the bovine
immune system; to reach agreement on nomen-
clature to be applied to bovine immiunoglob-
ulins; and to determine and emphasize areas
requiring attention and future research effort.

Synopsis

An IgA immunoglobulin class has been
established and characterized in cattle (Mach,
Butler and Vaerman). The distribution of this
protein in the various secretions and the demon-
stration that it is the principal immunoglobulin
synthesized by the exocrine glands, the gut and
the respiratory tract (Butler, Mach) is con-
sistent with the occurrence of IgA in other
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species. The homology of bovine IgA with that
of other species has been demonstrated by the
detection of common antigenic determinants on
human and bovine IgA (Vaerman and Mach)
and by the binding of free secretory component
(FSC) with dimeriec IgA, not only from cattle
but from 8 other species (Mach).

Progress toward resolving the heterogeneity
of bovine IgG has been aided by the identifica-
tion of the A1/A2 allotypes on the Fe portion
of IgG2 (Blakeslee). The absence of these
markers -on IgGl is consistent with its sub-
class designation. The existence of additional
IgG subclasses has been suggested by the ion-
exchange and immunoelectrophoretic data of
several investigators. However, the designation
of bovine' subelasses should depend on the
demonstration of unigque antigenic determinants
on the y chains (Kehoe).

The exact physical dimensions and con-
figuration of the IgQ® proteins are still in
question, although some progress was reported
(Butler). A molecular weight of 165,000 for
IgG1 has been reported by numerous investiga-
tors, although only 150,000 Daltons can be
aceounted for in heavy and light chains after
suceinylation, reduction and alkylation (Bezko-
rovainy). Since it is known that IgGl is
selectively transported into milk, a transport
component with a molecular weight of 15,000
Daltons has been postulated (Bezkorovainy).

The question of transport versus local syn-
thesis of the immunoglobulins in the lacteal
secretions is not conclusively settled. Local
synthesis of IgA in the bovine mammary tissue
is low compared to that of non-ruminants
(Butler, Mach), although synthesis of FSC
(glycoprotein-a) is abundant (Butler, Mach).
Mammary tissues showed mainly IgG cells al-
though cells producing other immunoglobulins
are present in small numbers (Yurchak). Much
more striking immunofluorescence for IgG and

glycoprotein-a was noted in the lumen of the



lacteal duets than was seen either intercellularly
or within the epithelial cells (Yurchak).
Quantitative studies of immunoglobulin levels
at parturition (Kiddy) and studies of experi-
mentally induced colostrum formation (Smith)
confirm the transport of IgGl from serum to
lacteal secretions. The control of such transport
may be regulated by the levels of estrogen and
progesterone (Smith). The source of IgG2 in
the secretions during late gestation and in
mastitis is unexplained (Kiddy); however, dis-
tention of the udder during these times could
cause increased vascular permeability allowing
other blood proteins to enter the milk (Camp-
bell). The reverse transfer occurring at the
same time could explain the presence of secre-
tory IgA in the serum, particularly before
parturition (Mach), and the negative correla-
‘tion between serum IgA and IgG levels as-
sociated with calving (Kiddy).

Another issue in cattle involving transport
of immunoglobulin concerns the absorption by
the calf gut of maternal immunoglobulins from
colostrum. Permeability does not appear to
last much beyond one day, and 25% of the
calves in one study absorbed few or no im-
munoglobulins despite normal levels of im-
munoglobulins in the colostrum (Staley). A
tubular system in the apical cytoplasm appears
to be involved in the absorption mechanism
(Staley). )

The development of bovine lymphoid tissue
and immunoglobulin producing cells follows the

same sequence of appearance as has been re-

ported for the human (Schultz). The first
lymphoid tissue is seen in the thymus at 42
days and the first IgM containing cells appear
at 59 days. ITmmunoglobulin G containing cells
do not appear until 145 days and IgA eells
were not observed even in older fetuses
(Schultz). The absence of IgA synthesis in
cultures of gut tissue from young calves is
consistent with the latter, although IgA syn-
thesis did oceur in other secretory tissue
(Butler). The delayed development of the
secretory immune system in the gut of calves
may be related to the absorption of colostral
inimunoglobulins and to the incidence of in-
testinal infections. Synthesis and localization
of all classes of immunoglobulins in various
body organs is comparable to that observed in
other mammals (Butler, Yurchak, Mach), with
no marked differences observed between the
synthesis of IgGl and IgG2 (Butler). The
strong synthesis of IgA by the thymus was
unexpected (Butler) but is supported by im-
munofluorescence in Hassell’s corpuscles (Yur-
chak). Abundant synthesis of IgA in the laeri-

mal gland, respiratory tract, and all cultures
of adult gut tissue (Butler, Mach) were paral-
leled by very high levels of IgA in tears (But-
ler, Mach), nasal secretions (Butler, Duncan,
Mach), and in intestinal extracts (Mach).
Anti-IgA fluoresecence is prominent in- the lam-
ina propria of the intestine, between the epi-
thelial cells and in the lumen of the erypts
much as it has been found in other species
(Yurchak). IgG also occurs interstitially but
rarely in the lumen and fewer IgG than IgA
producing cells are found in the lamina pro-
pria (Yurchak). Brilliant anti-glycoprotein-a
fluorescence is found intercellularly, in the lu-
men and within the epithelial eells (Yurchak).

The concentration of the various immuno-
globulins in body fluids of the cow is consistent
with the results of synthetic and fluorescent
studies. The principal immunoglobulins in the
serum are IgGl and IgG2, with the concen-
tration of the former greater than the latter
(Mach, Moll) except immediately before par-
turition (Kiddy). The IgGl econcentration
nearly equals the fotal immunoglobulin (Mach,
Kiddy) and total protein (Xiddy) concen-
tration in precolostral and colostral lacteal
samples. The predominant immunoglobulin in
the lacteal secretions (IgA versus IgG) ecor-
relates with the mode of transfer (placental
versus colostral) of immunity to the offspring
(Mach), and those species studied to date can
be grouped into three categories (Vaerman).
The ratio of IgG to IgA before and after
calving changes significantly (Kiddy). Al-
though no temporal data are yet available, the
highest mean values for IgM occur in colostrum
(Mach). Variations between individual animals
and individual quarters in’ the udder of the
same cow are notable (Kiddy). The problems
sometimes encountered with polyvalent IgG
antisera (Moll, Kiddy) emphasize the need for
monospecific antisera for use in radial im-
munodiffusion assays.

The kinetics and factors influencing the im-
mune response, as well as the biological activi-
ties of different immunoglobulin classes, are
generally similar in cattle to those which have
been established in other species. Studies on
the immune response of cows fo various
Brucella abortus antigens, particularly in regard
to whether route of immunization or antigen
type was effective in inducing persistent levels
of milk antibodies, indicate that persistent low
titers are obtainable by repeated udder infusions
of low doses of either whole cells or soluble
antigens. However, antibodies so induced are
of the IgG and IgM classes, rather than the
IgA type noted in cows from field cases with
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similar persistent milk titers (Jenness). The
importance of both quantitative and qualitative
measurements of the immune response, espe-
cially in attempting to relate immunity induced
by vaccination to challenge immunity under
field conditions, is emphasized in studies with
foot-and-mouth disease virus (Cowan), and
Anaplasma marginale (Rose). In the viral

system electrophoretically fast and slow 7S

antibodies react disproportionately in the com-
plement fixation test, while 198 antibody does
not fix complement.. Quantitative experiments
indicate that 25 to 30 molecules of 7S anti-
body are capable of neutralizing the virus
whereas only 2 or 3 19S antibody molecules
are required. The radial immunodiffusion tech-
nique is particularly applicable for quantita-
tive estimates of both antigens and antibodies
(Cowan). A comparison of the complement
fixation test with the card agglutination test
fails to show a correlation in examination of
plasma from animals in the acute stages of
anaplasmosis. The agglutination test was found
to be wuseful in detecting antibodies in the
plasma of convalescent carriers (Rose). Deple-
tion of circulating lymphocytes in calves re-
sults in the suppression of cellular, but not
all humoral immune responses (Graber).

A limited quantity of information has been
obtained on the sources and protective benefit
of antibodies in external secretions. Aerosal
exposures of cattle to certain viral (para-
influenza type 3, infectious bovine rhinotra-
cheitis) (Todd) and bacterial (Pasteurellu
hemolytica) (Duncan) agents result in the
appearance of antibodies in nasal secretions. A
state of protective immunity may be achieved
superior to that obtained by parenteral im-
munization (Dunean). A prerequisite for this
may be the ability of the infectious agent to
colonize the respiratory traet (Todd). An 11S
IgA is the predominant immunoglobulin in
nasal secretions prior to and after vaccination
procedures. Indirect evidence for its synthesis
locally has been achieved in studies on levels
of naturally occurring bacterial antibodies in
serum and secretions (Duncan).

Vaccination procedures performed locally in
the mammary gland (Noreross) and in the
genital system of cattle have, thus far, not been
notably successful although there is no doubt
that local synthesis of immunoglobulin does
occur in the mammary gland, vagina and uterus
(Butler). Highly effective protection of female
cattle toward a localized infection of the genital
tract produced by Vibrio fetus venerealis ean
be achieved by parenteral immunization with
a whole cell bacterin in complete Freund's

adjuvant. Vaccinated heifers achieve high
systemic antibody titers of IgM and IgG types.
Immunoglobulin G antibodies appear in the
cervico-vaginal secretions concurrently, prob-
ably by transudation from serum. The IgG sub-
type which predominates in the uterine, cervical
and vaginal fluids has not yet been established.
The secretions of naturally infected heifers, in
contrast, contain predominantly IgA antibodies
which, it may be inferred, are produced locally
(Wilkie).

Relatively little research has been performed
on allergic diseases which affect cattle. One
system which has been well characterized
recently is a syndrome in which cows develop
an immediate hypersensitivity to their own milk
proteins (Campbell). A reagin type antibody
is responsible for this condition although it has
as yet not been isolated nor characterized as a
counterpart of IgE (Campbell). Some progress
toward the identification of bovine IgE was
reported, however (Yurchak).

The relationship of the immune response to
clinical disease has been examined in Johne’s
Disease, a chronic intestinal infection of cattle
produced by Mycobacterium paratuberculosis
(Aalund). The leukocyte migration reaction has
been used in diagnosis, and preliminary results
suggest that this test may prove wuseful in
detecting the early, preclinical stages of this
disease (Aalund).

The characterization and funetion of the com-
plement and conglutinin system in cattle are
objects of current study. Seasonal fluctuations
in serum levels of conglutinin have been ob-
served, as well as marked depressions after
calving or abortion and during acute systemic
infections (Ingram). The significance of varia-
tions in serum conglutinin levels has not been
determined.

The findings presented at this conference have
served not only to summarize current knowl-
edge, but to point up areas of confusion and
ignorance, and thereby bring into focus some
of the most urgent areas requiring clarification.
Among these may be listed the following:

Heterogeneity of immunoglobulins. A com-
prehensive definition of bovine immunoglobulin
classes, subelasses, L-chain types and subtypes,
and allotypes is required. Clarification of addi-
tional IgG or IgA subclasses, the characteriza-
tion of the bovine homocytotropic antibody
and the elucidation of other subclass or subtype
associated allotypes are areas of immediate
concern.

Transport of immunoglobulins. The mech-
anisms by which IgG1 is transported to the



mammary gland, by which serum derived anti-
bodies enter infected tissmes and by which
maternal immunoglobulins are absorbed by the

calf are not understood. The possible roles of -

hormonal or other humoral factors in the
regulation of these phenomena have been sug-
gested but require further study. The possibility
of allogeneic inhibition in maternal-offspring
transference has not been investigated. Al-
though chemical differences have been suggested,
the structural features which favor IgG1l trans-
port into the lacteal secretions are not resolved.
Finally, the issue of local synthesis versus local
transport is unresolved for some tissues.

Protective immunity. The protective function
of immunoglobulins in external secretions is
poorly understood. The role of IgA in con-
ferring protection against bacterial infeetions
has not been defined in any species. A defini-
tion of this funection is particularly pertinent
in the ealf gut, as well as in external secretions
of mature cattle. Examination of the ratios of
IgGl and IgG2 in either external secretions or
serum may elucidate the comparative efficiencies
of these immunoglobulins in mediating protee-
tion. Some of the principal diseases of cattle
involve pathogens in which cellular immunity
is an outstanding characteristic. Studies of
this phenomenon in ecattle and its possible pro-
tective function in disease have received vir-
tually no attention (Quinn).

Caittle in basic immunology. Effective use of
cattle as tools in the study of basic immune
mechanisms. needs additional exploration. The
role of the secretory component of IgA might
best be understood by studying the cow because
of the abundance of this protein and its known
capacity to bind the IgA of other species. A
study of the pronounced selective transport of
IgG1l and the absorption of immunoglobulins
by the ealf gut could lead to an understanding
of these phenomena in other species. Finally,
the value of cattle as a source of anti-lympho-
cyte serum and as a model in studying the
effect of lymphocyte depletion should be
determined.

Proposed Nomenclature for the
Immunoglobulins of the Domesticated Bovidae

Cattle (Bos taurus)
Sheep (Owis aries)
Goats (Capra hircus)

A nomenclature scheme was drawn up by the
following investigators who attended the
Symposium.

Ole Aalund, Dennis Blakeslee, John E.
Butler, J. Robert Duncan, M. James Freeman,

Robert Jenness, J. Michael Kehoe, Jean-Pierre
Mach, Jan Rapacz, Jean-Pierre Vaerman, and
Alex J. Winter.

In addition, we thank T. B. Tomasi, Jr,
State University of New York at Buffalo and
Alan E. Pierce, Commonwealth Scientific and
Industrial Research Organization, Melbourne,
Australia, for their suggestions.

Bovidae IgG. The bulk of the immuno-
globulins occurring in the serum and lacteal
secretions of the three named species possess
antigenic determinants (1, 22) and physico-

-chemieal characteristies (1, 2, 5, 7, 15, 17, 25,

31) in common with the IgG class as defined
in the human (4). Heterogeneity of these im-
munoglobulins has been demonstrated in all
three species (1, 2, 5, 12, 13, 14, 17, 25, 28, 29).
Clear-cut evidence for two distinet subclasses
is available for all three species (1, 5, 10, 23,
28) although a third has been claimed for the
sheep (9). The IgGl and IgG2 subclasses of
cattle will be deseribed. -

IgG1. Bovine IgGl of the serum and colos-
trum differs from IgG2 in that it migrates
faster toward the anode in a basic agar-gel
electrophoretic field (1, 10, 24) or slower
toward the ecathode in acrylamide gel at pH
4.5 (5). It is the predominant immunoglobulin
of the lacteal secretions (1, 5, 21, 24) and is
antigenically distinet from IgG2. Antisera
produced against IgGl in heterologous species
detect antigenic determinants on the vy-chains
of IgG1 which are not detected on the y-chains
of IgG2 (23). These differences presumably
reside in the Fe fragment in all three species
although this has been demonstrated only in
the sheep (10).

IgG2. Bovine IgG2 constitutes less than one-
half of the total IgG in the serum of most
cattle (26), carries a greater net positive charge
than IgG1 and differs antigenically from IgG1
in its y-chains (23). Bovine IgG2 carries the
A1/A2 allotypes on its Fe fragment which are
absent on the y-chains of IgG1 (3).

The IgG subelasses described for cattle can
be shown to be antigenieally homologous to the
IgG1 and IgG2 of sheep (10) and presumably
of the goat. Additional IgG subeclasses would
be based upon the demonstration of specific y-
chain antigenic determinants distinet from those
of IgG1 and IgG2 and which occur on molecules
in all normal members of the species.

Bovidae IgA. Bovine, ovine, and caprine IgA
are defined by their cross reactions with anti-
human a-chain antisera (21, 33). Bovine IgA
has physicochemical (6, 7, 20, 30, 33), distri-



butional (8, 21, 30) and synthetic characteristics
(8, 21, 33) similar to those deseribed for human
IgA (32) with exception of the mammary gland
and its secretions (8, 21). Bovine IgA has
been shown to be homologous to that of the
goat and sheep (27). Designation of subelasses
of this immunoglobulin would be based upon
demonstrated antigenic differences shown to
reside in the a-chains of molecules which oceur
_in all normal members of the particular species.

Bovidae IgM. Bovine IgM is desecribed by its
cross reactions with anti-human p-chain anti-
sera (22). Ovine and caprine IgM are defined
by their cross reactions with anti-bovine u-chain
antisera (27). The IgM described for these
species has physicochemical characteristics simi-
lar to human IgM (5, 7, 22, 25). Designation
of subclasses of this immunoglobulin would be
based upon demonstrated antigenic differences
shown to reside in u-chains of molecules which
oceur in all normal members of the particular
species.

Bovidae free secretory component. Bovine
glycoprotein-a (11) and free secretory com-
ponent (18, 20) are similar as defined by their
antigenic cross reactivity (19) and by their
partial common antigenicity with bovine secre-
tory IgA (6, 7, 20, 21). The demonstration of
sequence homology or immunologieal ecross re-
actions or both between this protein and human
secretory component will be necessary to
establish whether they are homologous. Bovine
glycoprotein-a and human secretory component
have identical patterns of immunofluorescence in
the intestinal lumen of the respective species
(34). Free secretory components of goat and
sheep should be shown to be homologous to that
of cattle on the basis of antigenic ecross
reactivity.

Light polypeptide chains. All elasses and sub-
classes of bovine immunoglobulins share com-
mon antigenic determinants on their light poly-
peptide chains (5, 7). The light chains of cattle
share antigenic determinants with those of sheep
(16) and presumably the goat and are pre-
dominantly of the lambda type (16).
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SESSION I. CHARACTERISTICS OF BOVINE
IMMUNOGLOBULINS AND RELATED MOLECULES

Chairman:

Robert Jenness, University of Minnesota

Review of the Bovine Immunoglobulins

Three antigenically distinct classes of immu-
noglobulins, IgG, IgA, and IgM have been
identified in cattle. Two subclasses of Ig@ im-
munoglobulins are currently recognized: IgGl
and IgG2. IgGl demonstrates considerable
charge heterogeneity and is normally the most
abundant immunoglobulin in'the serum and lac-
teal seeretion of the cow. Cow IgG1 accumulates
to very high levels in eolostral and precolostral
lacteal secretions by a mechanism which selec-
tively transports it from the blood. IgGl is ap-
parently the same as the yGs deseribed by
Kickhofen et al. (16). IgG2 normally makes
up less than half of the total serum IgG immu-
noglobulins and carries the Al1/A2 allotypic
markers. The most typical form for bovine IgA
is an 11 S protein containing a secretory com-
ponent although both physicochemical and anti-
genic heterogeneity can be demonstrated. IgA
is the principal immunoglobulin in and synthe-
sized by the exoerine glands, the gut and the
respiratory tract. The only exceptions are the
mammary gland and the reproductive tract
where IgG produetion may equal or be more
abundant than IgA production. Free secretory
component (glycoprotein-a) can be most easily
demonstrated in normal milk. Serum IgA oc-
curs in small amounts apparently as a dimer.
The nature and distribution of bovine IgM is
similar to its homolog in other species. Like
their homologs in others species, all bovine im-
.munoglobulins share common light polypeptide
chain determinants and can be prepared by
classical physicochemical methods. Physico-
chemical and immunochemical characteristics of
each protein ean be demonstrated by dise elec-

JOHN E. BUTLER
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trophoresis, ion-exchange and gel filtration chro-
matography, ultracentrifugation and immuno-
electrophoresis (Table 1). After disc electro-
phoresis at pH 4.5, in gels with or without
urea, IgM remains at the stacking gel-separating
gel interface while IgA moves one-fourth of the
distance down the gel and appears as one or
two prominent zones. IgGl from serum or co-
lostrum and IgG2 move half the length of the
gel with IgG2 moving slightly faster. Using
standard DEAE chromatographie methods,
Ig(2 is eluted in the fall-through peak whereas
IgG1 is eluted over a broad range with a prin-
cipal peak at 0.15 M NaCl, pH 8.3. Secretory
IgA and IgM are eluted sequentially after IgGl.

Antibody activity has been demonstrated in
all classes and subelasses of bovine immunoglob-
ulins. IgG1 is a powerful complement fixing
antibody in the cow and IgM and IgA are effec-
tive agglutinating antibodies. In serum, early
antibody response appears in the IgM and IgG2
fractions and shifts to the IgG1 fraction during
hyperimmunization. The nature and involve-
ment of the various immunoglobulins in the lo-
cal immune response of the cow is being studied
in various laboratories. Reaginic activity ap-
pears most consistently in the IgG1 fraction al-
though the immunoglobulin responsible may be
a contaminating IgE elass immunoglobulin.
Identification of bovine IgE appears imminent.
Despite the amount of physiological work done
on cattle, detailed investigations into the bio-
logical activity, physicochemical characteristics
and significance of each bovine immunoglobulin
are just beginning. Table 1 is from Butler (6)
with new data added.
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Subclasses of Bovine IgG

The existence of subeclasses of IgQG is now
firmly established in several species. The char-
acterization of such subclasses is most complete
for man where detailed immunologic and strue-
tural studies have been facilitated by the avail-
ability of the homogeneous proteins produced
by many patients with multiple myeloma. Im-
munoglobulin subelass distincetions within any
species have generally been made first on the
basis of differing antigeniec and electrophoretic
properties which in turn reflect differences in
heavy chain struecture. Different human IgG
subclasses also possess different arrangements
of the interheavy chain disulphide bonds (28).
Amino acid sequences, though not yet complete
for all human subeclasses, have confirmed that
heavy chain sequence differences between IgG
subclasses do exist. Functional differences have
also been demonstrated and are presumably a
consequence of subclass-unique features of co-
valent structure.

In cattle, the existence of two IgG subclasses
is widely accepted, and the presence of a third
has been suggested (16). The different sub-
classes have generally been prepared by ion-
exchange chromatography from whole serum,
since myeloma proteins have not yet been dis-
covered in this species. Unique subclass prop-
erties have been shown by classical immunoelee-
trophoretic methods, as well as by structural
studies of subeclass specific heavy chains (22).
Functionally, particular interest resides in the
selective accumulation of one bovine IgG sub-
class in colostrum (23). The structural features
responsible for this property may well reside

J. MICHAEL KEHOE

Mount Sinai School of Medicine
City University of New York, New York 10000

in the Fe fragment of molecules of this sub-
class.

Among the open questions econcerning bovine
IgG subeclasses, the following appear particu-
larly important:

1) Are there more subclasses to be identified ?

2) What are the heavy chain amino acid se-
quence differences responsible for the subclass
distinctions?

3) How do the bovine subclasses relate, strue-
turally and functionally, to those of other spe-
cies?

To verify the existence of subclasses of a
given immunoglobulin class in any species, eri-
teria such as the following can be used:

1) Subeclass specific antigenic determinants
must be located on Fe fragments of test mole-
cules.

2) All subclasses must be present in normal
sera of healthy members of the species.

3) Any homogeneous immunoglobulin found
must fall into a unique subclass.

4) Different subclasses often mediate differ-
ent biological activities.

5) Different subelasses will show different
heavy chain amino' acid sequences.

Identification and characterization of addi-
tional subeclasses in cattle would, of course, be
aided enormously by the availability of pure
proteins of a given subeclass. The discovery of
myeloma paraproteins or the produection of
highly purified bovine antiearbohydrate anti-
bodies of the type described by Krause (12) in
rabbits would fulfill such a need.

Comparison Between Several Mammalian IgAs, Including the Bovine

To compare various mammalian IgAs to hu-
man IgA, it is first necessary to identify IgA
unambiguously in these non-human species. The
best criterion to establish this identification is
the finding of large homologies between the
amino acid sequence of the human alpha chain
and that of the heavy chain of the animal im-

Jean-Pierre Vaerman
Clinques University
St. Pierre, Louvain, Belgium

munoglobulin proposed as homologous to human
IgA. Since this goal is difficult to achieve, an-
other decisive criterion was found in immuno-
logical cross-reactions between antisera specific
for human IgA and IgA from dogs, cats, cows,
goats, sheep, pigs, horses, ‘and hedgehogs, the
latter being primitive mammals. Taking advan-
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tage of these cross-reactions, antisera were pre-
pared against the IgAs, as well as against other
immunoglobulins in the sera of the eight spe-
cies. The specificity of these antisera was dem-
onstrated by immunoelectrophoresis. These anti-
sera then allowed a study of the behavior of
these various immunoglobulins in the sera of the
eight species by DEAE-cellulose chromatogra-
phy, by gelfiltration on Sephadex G-200 and
by density gradient ultracentrifugation. The
DEAE-chromatographic behavior of these eight
different mammalian serum -IgAs resembled
grossly that of human serum IgA in that all
IgAs were eluted after the bulk of the IgGs,
and slightly before the IgMs. The molecular
size of the major fraction of serum IgA from
all these species was compatible with the size
of a dimer molecule (9 to 10 S), are estimated
by gel-filtration and density gradient ultracen-
trifugation, in contrast to the human serum IgA
which is essentially (== 90%) a 7 S monomer.
The molecular size of the major form of IgA
present in various exocrine secretions (and es-
pecially in colostrum and milk) of these ani-
mals was studied in the same way and found to

be very similar to that of the main form of hu- -

man exocrine IgA (== 11 S). The oceurrence
of IgA,-like molecules was demonstrated by
acid-urea starch-gel-immunoelectrophoresis, in
purified unreduced canine, equine, and (prob-
ably) porcine milk IgA. The existence of a
seeretory component was demonstrated immuno-
logically for the eanine and porcine species by
spurring of exocrine IgA over serum IgA, using
antiserum against exocrine IgA. Free secretory
component was found in concentrated canine
milk whey, urine, saliva, and tears. Concentra-

Quaternary Structure of Bovine

Many animal serum proteins concerned with
resistance to disease consist of more than one
polypeptide chain, and the elucidation of the
structure-function relationships in sueh pro-
teins requires that they be dissociated into their
component polypeptide chains. To overcome the
disadvantages of classical methods for the dis-
sociation of proteins into subunits, we have
developed a procedure involving succinylation
of proteins with sucecinie anhydride, followed by

tion ratios, in seeretion versus serum, were mea-
sured for IgA and other immunoglobulins by
single radial immunodiffusion with specific anti-
sera. This ratio was highest for IgA in practi-
cally all (53/55) exocrine secretions tested. In-
sofar as IgA levels in lacteal secretions are con-
cerned, these mammals can be classified into 3
groups: (a) one group where IgA predominates
both in eolostrum and throughout lactation [hu-
man (and primates?)]; (b) a second group
(dog, pig, horse) where the predominant immu-
noglobulin of colostrum is Ig@, but, during the
first few days of lactation, there is a sharp drop
in IgG so that IgA becomes predominant; (c)
in a third group (cows, goats and sheep), IgA
is a minor immunoglobulin both in colostrum
and throughout lactation. The distribution of -
different classes of immunoglobulin-containing
cells, examined by immunofluorescence, disclosed
that IgA type cells were consistently abundant
and predominant in the intestinal mucosa, occa-
sionally abundant in mesenteric lymph nodes,
and consistently scarce in spleen and peripheral
lymph nodes.

The fate of the IgA produced by intestinal
mucosal plasma cells was investigated in the
dog by measuring the concentration ratios of
IgA and other proteins in mesenteric lymph
versus serum of the same animal, and by eom-
paring the specific radioactivities of serum and
mesenteric lymph IgA in a dog who received
biosynthetically 14C-labelled plasma IgA. The
conclusion was that about 809% of the IgA
in mesenteric lymph (whose IgA level exceeded
that of serum by a faetor of 2 to 18) orginates
in the intestinal mucosa and that the latter
organ represents the major somrce of canine
serum IgA.

Colostrum Immunoglobulin

ANATOLY BEZKOROVAINY

Rush-Presbyterian-St. Luke’s Medical Center
Chicago, lllinois 60600

reduction-alkylation with mercaptoethanol and
iodoacetate, respectively. Although the latter
procedure is performed in the presence of urea,
the urea can subsequently be dialyzed out with-
out precipitating the modified protein. As a
model protein we used bovine colostrum IgGl,
prepared by (NH,)»SO, precipitation, in an
electrophoretically and ultracentrifugally homo-
geneous state. The succinylated-reduced-alkyl-
ated protein was resolved into its subunits by
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chromatography on Sephadex G-200 columns
with dilute aqueous buffer solvents as eluants.
A heavy chain fraction, mol wt 50,000, and
a light chain fraction, mol wt 25,000, were
isolated. Since this accounted for only 150,000
Daltons out of the 165,000 previously deter-
mined for the intact protein, the question is
raised concerning the possible existence of a
small transfer piece in the colostrum IgGl.
The disadvantage of using suceinylation to
break physical interactions in proteins is that
the suceinylated proteins become devoid of their
original antigenic properties. It is impossible
to remove the succinyl residues from such pro-
teins without drastic acid hydrolysis. However,
substitution of maleic anhydride for succinie
anhydride can, in part, overcome this difficulty.
Experience with transferrin, an iron-binding
protein with antimicrobial properties, showed
that maleylation resulted in the same extent
of amino group blockage, denaturation, and loss
of antigenic properties as succinylation. Yet
some 939% of the maleyl groups could be re-

Bovine Immunoglobulin Allotypes

moved from the protein by mild acid hydrolysis
at pH 3.5 (citrate buffer) for 5 days at 37 C
with the reversal of denaturation. Some 75%
of the iron binding activity and full antigenie
activity were restored. Maleylation of bovine
IgG1, like succinylation, resulted in blocking
75% of the amino groups, decreased sedimenta-
tion coefficient from 6.4 to 4.8 (1%), and a
loss of antigenic activity. Attempts to remove
the maleyl groups under conditions used for
transferrin resulted in complete insolubilization
of the protein at pH 3.5 to 9. However, mild
acid hydrolysis at pH 3.5 for 2 days at 37 C
in the presence of 0.1 M propionate resulted in
the insolubilization of only 509 of the protein.
Analysis of the soluble material showed that
all amino groups had been regenerated, that
the sedimentation constant had returned to 6.4
S, and that the antigenic properties had been
recovered. It is concluded that sucecinylation
and maleylation are useful methods for the
elucidation of quaternary structures of immune
globulins.

DENNIS BLAKESLEE,! JAN RAPACZ,2 and JOHN E. BUTLER 3

1 Department of Pathology, School of Medicine
University of Pennsylvania, Philadelphia 19100

2 Laboratory of Genetics, University of Wisconsin, Madison 53706
8 Eastern Marketing and Nutrition Research Division, ARS

Three antisera detecting different allotypie
specificities, designated Al, A2 and Bl, of
cattle immunoglobulins were produced by iso-
immunizations with purified IgG together with
Freund’s complete adjuvant. Successful im-
munizations were made both intramuscularly
and subcutaneously. The Al and Bl specifici-
ties have been examined immunochemically and
all three have been analyzed genetically.

The interchain disulfide bonds of IgG derived
from a serum that reacted strongly with both
anti-Al and anti-B1 were cleaved and blocked
by oxidative sulfitolysis. The heavy (H) and
light (L) chains were separated by gel filtra-
tion through Sephadex G-100 equilibrated and
eluted with a 5 M urea, 0.05 M formic acid
solution. The purified H and L chains were
then tested for their ability to react with
anti-A1l and anti-Bl1 and inhibit the pre-
cipitation of the antisera with Al(+4) or
B1(4) IgG in Ouchterlony immunodiffusion.
The isolated H chains inhibited anti-A1l but

USDA, Washington, D.C. 20250

not anti-B1, whereas L chains inhibited anti-B1
only. This demonstrated that the Al specificity
was located on IgG H chains and that Bl was
an L chain marker.

Cattle IgM was obtained free of other im-
munoglobulins by reeyeling gel filtration on G-
200. IgGl, IgG2 and IgA were isolated from
serum or colostrum or both by a combination
of ion-exchange and gel filtration chromatogra-
phy and by specific immunoabsorption. Anti-
Bl reacted with IgGl, IgG2, IgA and IgM
from B1(+4) cows. This was expected since it
is known that all classes of immunoglobulins
possess common light chains. Anti-Al reacted
only with IgG2 molecules derived from A1(4)
sera. In contrast to L chains, H chains are
specific, each immunoglobulin class or subelass
possessing a unique type. These findings on the
distribution of the Al and B1 allotypes among
H and L chains are consistent with the general
view of immunoglobulin structure worked out
in a variety of species. Furthermore, it was
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determined that the A1l specificity was located
on the c-terminal half or Fe¢ fragment of
IgG2 H chains. IgG from an Al(+4) Bl(+)
serum was digested with papain in the presence
of cysteine. The resulting Fab and Fe fragments
were isolated by DEAE and CM ion-exchange
chromatography and gel-filiration. Fe fragment
inhibited anti-A1 whereas Fab fragment did not.
Anti-Bl was inhibited by Fab fragment, since
this portion of the IgG molecule carries an
intact L chain.

An analysis of mating data has shown that
the A1, A2 and Bl specificities are controlled
by 2 loci. The bva locus has 2 alleles, bval
and bva?, controlling the allotypic markers Al
and A2, respectively. The A2 specificity has
not been examined for its distribution among
different immunoglobulin classes or H and L
chains. However, since Al and A2 are con-

Complement and Conglutinin in

Complement is a group of globulins which
exist in serum in an inactive form. They may
be considered to be complex proenzymes which
require sequential activation. The complement
system comprises 9 distinet recognizable com-
ponents designated C1, C2, C3, C4, C5, C6,
C7, C8, and C9.

Cell lysis by eomplement usually requires all
9 components and is considered the prototype
of complement activity. In the hemolytic sys-
tem of sheep red blood ecells sensitized with
rabbit hemolysin, one molecule of IgM antibody
or two closely associated IgG molecules com-
bined with antigen on the cell surface form
a site at which the complement system can be
activated. The components react in the sequence
C1, C4, C2, C3, C5, C6, C7, C8, and C9 to
produce lesions or “holes” on the cell membrane
which are 80 to 100 A in diameter. Lysis of
the cells begins with the loss of intraeellular
small molecules such as potassium and the
subsequent influx of extracellular water from
osmotie pressure results in swelling and eventual
rupture of the cell.

A number of the biological effects of com-
plement do not involve all 9 components. The
cell bound intermediate Cl,4 will react with
some immunoconglutinins. The complex CI,
42,3 is required for immune adherence, con-

trolled by allelic genes, it is virtually certain
that A2 is also a marker of the Fe portion of
IgG2 molecules. The bvdb locus, with its single
detectable allele, bvbl, controlling the Bl
specificity, appears to be inherited indepen-
dently of bva and is certainly not closely linked

to it.

Eleven different breeds were tested for the
frequency of bva! and bobl. In all, the
frequency of bval was high (generally .8 or
greater), except in the Hereford (about .5).
The bwvb! allele was infrequent or absent in
these breeds. Similar data for bva? are being
collected.

New antisera detecting allotypie specificities
of immunoglobulins have been produced and
are now being studied for their relationship
to Al, A2, and Bl.

the Cow

D. G. INGRAM

Ontario Veterinary College
Guelph, Ontario, Canada

glutination, complement-dependent opsonization
and adherence to leucocytes. C1,4,23,5,6 is
involved in the Arthus reaction. During activa-
tion of the complement components some of the
proteins are eleaved to produce fragments
some of which have recognized biological activi-
ties: C3a and C5a have chemotactic and
anaphylatoxic activities, C(567)a has chemo-
tactic activity. These examples of complement
activities indicate the ecomplexities of this
system.

The complement activity in bovine serum has
not been studied in detail. It is known that
bovine complement has relatively low hemolytie
activity when measured by the usual system of
sheep red blood cells sensitized with. rabbit
antibody. However, bovine complement has
good hemolytic activity for guinea pig red
blood cells. Bovine serum is also a good source
of conglutinating complement.

Conglutinin is a naturally oceurring serum
protein of cattle and certain other species.
Conglutinin ean be detected in bovine fetal
serum as early as the 110th day of gestation
and the amount increases gradually until birth.

In adult cows the amount of econglutinin
drops sharply at calving time to a low point
at about 2 weeks after parturition. Then the
titer increases to normal adult levels over 4 to
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5 months. A seasonal fluctuation in conglutinin
titers oceurs with lowest levels in late spring
and peak activity in late fall.-

Mild or loeal infections do not appear to
alter the conglutinin level in serum but acute
systemic infections cause a significant decrease
in serum titer of conglutinin. Three non-

infectious abortions caused a drop in con-
glutinin levels similar to that which occurs at
the time of normal calving.

Conglutinin is a serum globulin which re-
acts with C1,4,2,3 and can fix complement but
is strueturally and antigenieally distinet from
immunoglobulins.

SESSION II. TRANSPORT, DISTRIBUTION AND SYNTHESIS
OF BOVINE IMMUNOGLOBULINS

Chairman: Arthur M. Silverstein, Johns Hopkins University, Baltimore, Maryland

Ontogeny of the Bovine Immune Response

" R. D. SCHULTZ, H. W. DUNNE, and C. E. HEIST

Pennsylvania State University, University Park

Knowledge of the time at which immunologic
competence develops in the fetus and the eells
and organs concerned with that development is
of significance in the basic understanding of
the immune response.

This study, unlike others, considered the
effect of natural antigenie stimulation on the
development of the bovine immune response.
Three embryos and 108 fetuses were evaluated
for lymphoid tissue development, immunoglob-
ulin containing cells, and serum immunoglob-

ulins. The methods of assay included immuno-

fluorescence, radial diffusion, electrophoresis,
and special staining techniques. Possible sources
of antigenic stimuli to the fetuses were deter-
mined by standard bacteriologie, virologie, and
serologic methods.

The thymus, the first lymphoid organ identi-
fied, was present at 42 days of gestation.
Lymphocytes were identified in the peripheral
blood at 45 days. The spleen, structurally
present at 55 days, contained red and white
pulp which was differentiated in certain fetuses
between 80 and 100 days of age. The peripheral
lymph nodes, first identified at 60 days of
gestation, were primarily composed of reticular
and mesenchymal cells. Mesenteric lymph nodes
were identified at 100 days of gestation. Addi-
tional lymphoid tissue of the G-I traet inelud-
ing the Peyer’s patches, was observed in a
bacterial infected 175 day fetus. Immunoglob-
ulin (Ig) M containing cells were first identi-
fied, by immunofluorescence, in a single fetus
at 59 days of gestation. IgG containing cells

16802

were first identified at 145 days of gestation
in a baecterial and viral infected fetus. IgM
producing cells were in 36 fetuses and IgM and
IgG ecells in 7 fetuses. Immunoglobulin con-
taining cells were found most frequently in the
spleen and lymph nodes. However, they were
also found in the thymus, tonsil, and bone
marrow of some fetuses. Immunoglobulin con-
taining cells were not identified in the hemal
nodes, blood “buffy coat”, Peyer’s patches, heart
or lungs of certain fetuses with positive cells

“ in the spleen or lymph nodes or in both.

IgM was not identified in the serum until
130 days of gestation and IgG at 145 days
of gestation. Immunoglobulin was present in
39 fetal serum samples.

Assuming the Ig containing cells and the
Ig in the serum was specific antibody that
resulted from antigen stimulation, fetuses were
examined for baecterial, viral, and maternal
antigens. IBR viral antigens were present in
three fetuses and BVD antigens in one fetus.
However, viruses were not isolated in primary
embryonic bovine kidney cells. Two of the three
fetuses with IBR antigens had neutralizing anti-
body to the virus. Bacteria, including Esche-
richia coli, Mima polymorpha var. oxidans and
a Lactobacillus sp were isolated from four
fetuses. Serum samples from 8 of 20 fetuses,
with immunoglobulin in the serum, contained
antibodies which agglutinated maternal red
blood cells. These antibodies were heat stable
(56 C, 36 min) and were sensitive to 0.1 M
2-ME.

Ten fetuses, over 220 days of age, with IgM
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and IgG containing cells in the spleen were
examined for IgA containing cells. Antiserum
to IgA and glyeoprotein-a (obtained from
John E. Butler, USDA, Washington, D.C.)
was conjugated and reacted with spleen, lymph
nodes, thymus, intestinal tissue, particularly of
the lower ileum, and lacrimal gland tissue of
3 fetuses. IgA containing cells were not found
in any of the tissues. Serum samples from the
group of fetuses with IgM and IgG were re-
acted in Ouchterlony double diffusion test with
IgA and glycoprotein-a antisera. All serum
samples were negative.

Table 1 is a summary of lymphoid tissue
development and the appearance of immuno-
globulins in the bovine fetus.

The results of the time at which lymphoid
tissue developed, immunoglobulins appeared
and the sequence of immunoglobulin develop-
ment in the bovine fetus were similar to results
reported for immunologic development of the
human fetus.

TasLE 1. Lymphoid tissue development in the
bovine fetus.

Time of

appear-

ance
Tissue (days)
Thymus 42
Blood lymphocytes 45
Spleen 55
IgM containing cells 59
Peripheral lymph nodes 60
Mesenteric lymph nodes 100
Serum IgM 130
Blood granulocytes 130
IgG containing cells 145
Serum IgG 145
Anti-maternal RBC Ab. 155
Anti-IBR Ab. 165
Lymphoid tissue (G-I tract)? 175

a Does not include mesenteric lymph nodes.

Role of Estrogen in the Selective Transport of

IgGl into the Mammary Gland

K. L. SMITH

Ohio Agricultural Research and Development Center, Wooster 44691

The predominant immunoglobulin of bovine
colostrum has been shown to be IgGl and the
work of Larson (18), Dixon (10) and Murphy
et al. (23) indicates that IgGl is selectively
transported from blood serum. to lacteal fluid
before parturitions. Erb et al. (13) reported
on the daily urinary estrogen exeretion rate
throughout pregnancy and showed that the
excretion rate of estrogen inereases greatly
during the last 4 to 6 weeks of gestation. It
was noted that this period of increasing estrogen
coincides with the period of active eolostrum
formation in the bovine.

Experiments were undertaken to determine
if the formation of normal eolostrum, in large
volume, could be achieved by injecting estrogen
or estrogen plus progesterone into nonlactating
dairy eows. A 4X4 Latin square design
was used to determine the effect of four hor-
mone treatments, consisting of a) estrogen (0.1
mg/kg/day); b) progesterone (0.25 mg/kg/
day); c) estrogen plus progesterone; d) con-
trol (no hormone). There was approximately
one month between treatments. Hormones were

injected two times daily for seven days. Ap-
proximately 17 days after the last injection,
the fluid present in the gland was removed
and whey samples prepared. Total whey protein
and the relative percentage of the individual
whey proteins was determined. The G-200 7 S
proteins, isolated from whey on Sephadex
G-200, were subsequently resolved into IgGl,
IgG2 and lactoferrin (Lf) by DEAE Sephadex
A-50 chromatography. Mean amount of secre-
tion removed following each of the four treat-
ments was: control, 669.2 g; estrogen -+
progesterone, 4,0234 g; estrogen, 1,3853 g;
and progesterone, 1,027.5 g. G-200 7 8§ protein
on DEAE Sephadex A-50 is resolved into three
distinet peaks. Peak I contains IgG2, Peak
II contains' Lf + IgG2, and Peak III eon-
tains IgGl. The distribution of G-200 7 §
protein in DEAE Peaks I, II, and III respec-
tively, following each of the treatments, was:
control, 3.2, 39.2 and 57.6%; estrogen
progesterone, 2.7, 6.5 and 90.8%; estrogen,
5.8, 164 and 77.9%; progesterone, 3.3, 26.8
and 69.9%. The normal distribution for blood
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serum (-200 7 S protein is 20, 20 and 609
and for fully involuted bovine mammary glands
2.6, 56.8 and 40.69%.

Glands filled with a colostral-like secretion
after three of the four estrogen + progesterone
treatments and one of the four estrogen treat-
ments, whereas progesterone or control treat-
ments never gave the response.

Conclusions are that the formation of normal
colostrum can be achieved by injecting either
estrogen or estrogen + progesterone. Chance
of success appears to be greater if combination
estrogen - progesterone is used. The results
suggest that the hormones estrogen and pro-
gesterone are involved in the control of selective
transport of IgG1l from blood serum to lacteal
fluid.

Maternal Transport of Immunoglobulins to the Calf

The transfer of immunoglobulins (Ig) from
the serum of the dam, via the colostrum, to the

serum of the calf was studied. Specific Ig (IgM .

and IgG) as well as total Ig were determined
in the dams’ sera and colostrums at parturi-
tion and in the calves’ sera following suckling.
Initially, calves were allowed to nurse ad
libitum for the first day, then fed 4 liters of
colostrum per day. Quantitative results on the
transfer of colostral IgM and IgG showed that:
a) colostral IgM and IgG were absorbed with
equal facility, and b) peak concentrations for
IgM and IgG in calf serum were 49 and 609
of the colostral level.

In a subsequent study, when calves were fed
colostrum daily at 2.5 and 3.75% of body
weight during the first and second days, total
Ig transported produced the following results:
a) blood sera in calves were significantly lower
than in their respective dams, b) peak Ig con-
centrations in the sera of calves oceurred 24
hr after birth, ¢) there was a positive linear

T. E. Staley, E. W. Jones, and L. J. Bush
Oklahoma State University, Stillwater 74074

correlation between colostral Ig and serum Ig
concentrations attained in calves, and d) there
was a positive relationship between the maxi-
mum Ig concentration in colostrum (at parturi-
tion) and the maximum Ig concentration at-
tained in sera of calves after ingestion of
colostrum.

Twenty-six and 309 of the calves in these
studies remained hypogammaglobulinemic in
spite of adequate levels in the ingested
colostrum.

Electron microscopic examinations of the in-
testinal absorptive cells of the newborn ealf
have shown a similarity to the intestinal
epithelial cells of other newborn ungulates. The
ultrastructural intracellular organelle respon-
sible for the uptake of IgG-ferritin conjugate,
in both the jejunum and the ileum, is the
tubular system in the apical eytoplasm. IgG-
ferritin conjugate is transported the full length
of the cell within vacuoles and released at the
basal cell membrane.

Synthesis of Immunoglobulins by Various Tissues of the Cow

JOHN E. BUTLER,! CHARLES A. KIDDY,2 CHARLOTTE MAXWELL,1

MARTHA B. HYLTON,3 and RICHARD ASOFSKY 3

1 Eastern Marketing and Nutrition Research Division

2Anlmal Science Research Division, ARS, USDA, Washington, D.C.

ARS, USDA, Washington, D.C. 20250
20250

3 National Institutes of Health, Bethesda, Maryland 21700

Qualitative in vitro studies of bovine im-
munoglobulin synthesis were performed on a
broad spectrum of tissues obtained from two
lactating cows and a one-week-old calf. The

method of Hochwald et al. (15), using uniformly
labeled lysine in NTH Media 320, was employed.
Specific antisera to bovine IgA and glyeo-
protein-a (Gpa) and polyvalent antisera to
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bovine immunoglobulins, whey proteins and
whole bovine sera were employed. Organ cul-
tures synthesizing jmmunoglobulins fit into three
general patterns: a) Those synthesizing pri-
marily IgA; b) those synthesizing primarily
IgG and IgM; and ¢) those synthesizing all
three classes of immunoglobulins in relatively
equal amounts. Bovine IgA was the principal
immunoglobulin synthesized by the ileum
duodenum, colon, lungs, nasal mucosa, oral
pharyngeal mucosa, and by the parotid, lacrimal
and thymus glands. Spleen and lymph nodes
from a wide range of sources, synthesized pri-
marily IgG and IgM. The uterus, vagina, and
mammary gland synthesized 1gG, IgA and IgM
although synthesis in the mammary gland was
less pronounced than in most of the other
tissues. Because separate precipitin ares were
not obtained for secretory IgA and Gpa when
tested with antiserum to Gpa, it was difficult
to distinguish newly synthesized Gpa from
newly synthesized secretory IgA. Despite this
difficulty, it was apparent that the mammary
gland synthesized large amounts of Gpa. In
a few tissues, including some Mammary cultures,
intense labeling of an anodal protein was ob-
tained with antiserum to Gpa. This might
represent the binding of Gpa to a protein in
secretions other than IgA.

IgA-producing cells and hence an IgA-
mediated local immune response in the bovine
udder either did not develop or are disappear-
ing as compared to nonruminant mammals. Ex-
cess Gpa synthesis in the bovine udder may be
an evolutionary vestige or this protein may
have some as yet unknown funetion in milk.
The presence of a strong IgA-mediated jmmune
system may be incompatible with the physiology
of an organ seereting large amounts of protein
over an extended period of time as is the case
with the udder of domestic cattle. The im-
portance of the bovine mammary gland in the
produetion of IgG and IgM, and its function
in the transport of these proteins from serum
otill requires study. IgA synthesis in the
thymus gland may reflect the embryological
origin of this organ from pharyngeal pouches.

The pattern of immunoglobulin synthesis in
the calf paralleled that of the adult animals
exeept for the lack of IgA synthesis in the
calf gut and thymus. Proper absorption of
maternal jmmunoglobulins by the calf gut may
be correlated with the latent development of
IgA in the gut.

With exception of the mammary gland, the
data support the coneept of an IgA—mediate(T
secretory immune system in cattle similar to
that deseribed for nonruminant animals.

Fluorescent Localization of Immunoglobulins in the

Tissues of the Cow

A. M. YURCHAK,! J. E. BUTLER2 and T.

1 State University of New York at Buffalo,
2 Eastern Marketing

Previous fluorescent antibody studies in other
species have shown striking differences in the
relative numbers of TgG and IgA producing
plasma cells in different tissues. IgG producing
cells have been the predominant ones seen in
the spleen and lymph node . tissues and IgA
cells have predominated in mammary, lung, and
intestinal tissues. Qelected tissues from six
cows and two newborn calves were examined
with a direet fluorescent antibody technique.
Tissues were fixed in buffered formalin, rinsed
in 309, sucrose overnight and sectioned on 2
cryostat. Sections were stained with fluorescein
conjugated specifie antisera to bovine 1gG, IgA,

B. TOMASI, JR.

Buffalo 14200
and Nutrition Research Division

ARS, USDA, Washington, D.C. 20250

IgM and glycoprotein-a (Gpa).- Antisera 1o
human IgG, IgA, IgM, and IgE and human
seeretory component were found to cross-
react with their bovine counterparts and were
found useful in confirming results with anti-
bovine antisera. After staining with the fluo-
rescein conjugates, all tissues were counter-
stained with a rhodamine-normal rabbit serum
conjugate to mask the nonspecific fluorescent
staining of eosinophils often found in these
tissues. The results of these studies are given
in Table 1.

Staining of free IgA was found in the lamina
propria of the intestine, between the epithelial
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TasLe 1. Fluorescent immunoglobulins in tissues of

the cow and new-born calf.

IgG IgA IgM IgE Gpa
Small intestine +++ ++++ ++ ++ +++
Colon +++ ++++ ++ ND +++
Mammary gland +4+ + + ND +4++
Submaxillary gland + -+ — ND —
Spleen ++++ + ++ ND =+
Gut lymph nodes ++++ +4+ +++4+ ND —
Lung lymph nodes ++4+ + + ND -
Femoral lymph nodes + 44+ =+ + ND —
Thymus + =+ =+ ND =+
Newborn calf =+ =+ — ND =+

ND, not determined.

cells and in the lumen of the ecrypts much as
it has been found in other species. Fewer IgG
producing cells were noted in the lamina propria
but interstitial staining for free IgG was strong.
Little luminal staining was found. Gpa was
found intercellularly, in the lumen, and within
the epithelial cells. Mammary tissues showed
mainly IgG cells although cells producing other
immunoglobulins were present in small numbers.
Much more striking staining for IgG and Gpa
was noted in the lumen of the lacteal ducts
than was seen either intercellularly or within
the epithelial cells. Few plasma cells were seen
in the salivary glands examined and no staining
for Gpa was seen although saliva from the
"same animals contained Gpa. This finding
is interpreted as due to the insensitivity of the

fluorescent method for detecting proteins that
are rapidly secreted. The spleen and lymph
nodes showed mainly IgG cells although the
gut lymph nodes also showed moderate num-
bers of IgM and IgA cells.

In summary, our findings in the cow mateh in
many ways previous studies in other animals.
The predominance of IgA in intestinal tissues
points to the presence of a “secretory system”
in this species. The Gpa probably corresponds
to the secretory component found attached to
IgA in other species. The mammary gland
is unique in that it apparently both produces
immunoglobulins locally and also transports
large amounts of IgGl. Studies of the dis-
tribution of cells producing IgGl and IgG2
and IgE are in progress.

Changes in Levels of Immunoglobulins in Serum and Other Body
Fluids Immediately Before and After Parturition

CHARLES A. KIDDY,1 ROSEMARY McCANN,! CHARLOTTE MAXWELL,2
CHARLES ROCK,2 CAROL PIERCE 2 and JOHN E. BUTLER 2

1 Animal Science Research Division, ARS, USDA, Beltsville, Maryland 20750
2 Eastern Marketing and Nutrition Research Division

Weekly samples of serum, tears, lacteal
secretions, saliva and urine were obtained from
six Holstein-Friesian cows six weeks before
and four weeks after calving. Amounts of total
IgG, IgGl and IgA (mg/ml) were determined
by the radial diffusion method and total protein
by the biuret method. Means for serum and
lacteal secretions are in Table 1. Differences
in levels among weeks, cows, and quarters of
the mammary gland between cows were studies

ARS, USDA, Washington, D.C. 20250

by analysis of variance. Correlations between
individual protein levels in various secretions
were calculated.

In lacteal secretions, differences due to weeks
and cows were highly significant for all im-
munoglobulins measured. Quarter ' samples
taken on the same day varied widely within
cows in the concentration of immunoglobulins
measured. A marked drop in the mean of all
immunoglobulins oceurred at parturition. IgG



-accounted for 85% of the total whey protein
before calving but only 5% after calving. Six /
weeks before calving the concentration of IgGl
in lacteal secretions was 959 of the total IgG
but decreased to 85% during the week before
calving. Similarly, in a postpartum mastitie
quarter, IgG1 was only one-half of the total
IgG. Also, the increase in serum IgG after
parturition could not be accounted for solely
by the concomitant rise in IgGl. These data
suggest that IgG2 may be important in the
lacteal secretions in late gestation and in
mastitis.

Differences in amounts of IgG, IgGl and
IgA in the serum were significant among weeks
and cows. Saliva levels were significantly dif-
ferent among weeks for IgA and IgG but not
for IgGl. Immunoglobulin levels in tears were
slightly higher than in saliva. Variation among
cows for all three proteins in tears was highly
significant but there were no significant differ-
ences among weeks. In saliva and tears (where
IgA. predominates) #only IgGl values were re-
liable because total IgG values were biased by
antibodies against L-chains present in the IgG
antisera but lacking in the IgG1 antiserum.

Since absolute concentrations of immuno-
globulins in tears, saliva, and lacteal secretions
are affected by dilution, the ratio of IgG/IgA
was caleulated from means in each sample.
This ratio was highest in serum and lowest
(less than one) in tears and saliva. In lacteal
secretions the IgQ/IgA ratio decreased
markedly after calving for all cows. The over-
all ratios before and after calving were 19.8
and 7.3. This change in ratio can best be
explained by postulating a decrease in the rate
of the reported selective transport of IgGl
from serum to milk (10) while assuming local
synthesis of IgA. Increased serum level of IgG
after calving supports this hypothesis. The
fluetuation in IgG and total protein levels as-
sociated with calving agree with' those of
Blakesmore and Garner (5).

Correlations between total IgG and IgGl
were positive and highly significant in lacteal
secretions (.95+), serum (.76), tears (.59)
and saliva (.51). These results indicate that
the total IgG concentration is affected strongly
by the amounts of IgG1; particularly so in the
lacteal secretions and serum and less so in other
secretions. Correlations between total IgG and
IgA were highly significant and positive in
the lacteal secretions (.73), tears (.70) and
saliva (.85), but negative in serum (—.60).
The negative correlation results from the com-
bined effect of higher IgA levels in serum be-
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' TapLe 1. Changes in levels of immunoglobulins in the serum and lacteal secretions of cows at parturition. Weekly means for six cows
Lacteal
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fore calving (presumably secretory IgA from
the udder) and higher IgG levels after calving
when the selective transport mechanism has
slowed. The correlations between serum and
lacteal secretion and serum and saliva levels
of IgG were negative and highly significant
(—.43 and —.44). The serum-tears correlation
was not significant (.07). This is strong
evidence that the transport mechanism moving
IgG from serum to lacteal secretions is also
operative in the salivary glands but not in the
lacrimal glands. The serum-lacteal (.51),
serum-saliva (.41) and serum-tears (.40) ecor-

Bovine Secretory Immune System

Bovine secretory IgA (SIgA) was first
recognized as a minor component of colostrum
when compared with the concentration of IgG
present (7, 20). In saliva, lacrimal, nasal and
gastrointestinal secretions, SIgA is the major
immunoglobulin (21). The amount of SIgA
in these secretions is similar to that which has
been found in the human. Thus, the cow has
a normal secretory immune system with the
exception of the mammary gland, which has
acquired a special function of transporting
IgG from serum to colostrum or milk. This
observation holds for the sheep and goat (25).
It should be noted that these three species
transfer passive immunity to their young
through the eolostrum. It is known that species
which are able to transfer IgG to the fetus
through the placenta (human, monkey, and
rabbit), have colostrum containing mostly SIgA.
Thus, a colrelation can be drawn between the
mode of transfer of immunity to the young
and the type of immunoglobulin present in
colostrum (Table 1). These differences in the
functions of the mammary gland and other
secretory organs were confined in the cow by
mammary and salivary tissues cultured with
radiolabeled amino acids (21).

Another finding was that the free form of
the secretory component (FSC), usually as-
sociated with SIgA, was rather abundant in
milk (8 mg/100 ml). Thus, the cow with its
large amounts of saliva, rich in SIgA, and
its abundant milk, seems to be one of the
highest producers of SIgA and FSC.

relations for IgA were highly significant. These
correlations strongly support the concept of a
secretory origin for serum IgA as determined
by Vaerman in the dog (30). In some of the
comparisons the analysis indicated significant
differences among individual cow correlations.
It will be necessary to determine the extent
to which these differences are real before
definite interpretation of the overall correla-
tions can be made.

The observation that IgGl is the most im-
portant urinary IgG globulin is econsistent
with its reported higher turnover rate (24).

JEAN-PIERRE MACH and JEAN-JACQUES PAHUD

University of Lausanne, Switzerland

Tapnk 1. Relation between the mode of trans-
fer of passive immunity to the offspring and
the type of immunoglobulin in eolostrum.?

Species transferring

IgG to the fetus

through placenta:
Human
Monkeys
Rabbit

Mammary gland is
normally secretory,
synthesizing mostly
SIgA which is sup-
posedly resistant to
digestive enzymes, and
may be active only in
the digestive traet.

Species giving passive
immunity through
colostrum:

Ox

Sheep

Goat

Swine
Mammary gland has
acquired a special
function of transport-
ing IgG selectively
from serum to colos-
trum. This Ig@Q,
needed by the new-
born, is absorbed
through the gut dur-
ing. the first and sec-
ond day of life.

a All the species have a fully developed
“secretory immune system”; they differ only
in the function of their mammary glands.

The FSC isolated from bovine milk is
physicochemically very similar to human FSC.
Both combine in vitro with human polymeric
myeloma IgA. Furthermore, the human and
bovine F'SC can combine in vitro with the
serum IgA of nine different mammalian species
ineluding: human, ox, sheep, goat, horse, dog,
swine, guinea pig and mouse (19).
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Lymphocyte Depletion and Immune Response in Calves
Utilizing Closed System Filtration

C. T. Fitts, C. D. Graber, J. Majeski, and R. Sharbaugh
Medical University of South Carolina, Charleston 29400

To obviate previous problems with infection
in calves depleted of lymphocytes by open
. methods, two types of filters placed in a closed
extracorporeal thoracic duct (TD) to venous
shunt system were tried. Initially ceramic beads
were placed in the column utilizing varying
sizes from 50 to 500 p in diameter. No com-
bination of these beads resulted in anything
other than minimal removal of lymphoeytes
and the smallest beads would not permit ade-
quate flow rates. Crushed optical glass of
known average size became available at this
time and various combinations were used as a
filler in the column with good sueccess. At the
present time, erushed optical glass of 420 to
500 p pore size is alternated with a layer of
44 to 88 p pore size with glass wool placed
at either end. This filter which must be changed
at 48 hr is inexpensive and efficient, approxi-
mately 999 lymphoeytes being removed. With
this filter we have reduced thoracic duct lyzm-
phocytes to less than 3,000 cells/ml3 which
represents the immunounresponsive threshold.
The peripheral lymphocyte level does not ap-
pear to be as reliable an index to tolerogenesis
as thoracic duct levels. This draining period
varies from two to three weeks depending on
the calves’ initial thoracic duct lymphoeyte
count and the lymph flow rate of the animal.
At this point the following immunologic pro-
pensities of the ealf were ablated:

1. Primary response to antigen (Salmonella
typhi) did not occur when the animal was
inoculated as early as two days within the
tolerogenic period. Agglutinins and hemag-
glutinins to O and H antigens were negative
at 10 days after antigenization. Similarly
secopdary response using the same organism

did not occur in the depleted animal who had
previously received primary antigenization
weeks before drainage had begun.

2. Loss of ability to respond to a delayed
sensitivity eliciting agent (old tuberculin) oec-
curred in the drained calf previously sensitized
to tuberculo-protein suspended in Freund’s ad-
juvant prior to drainage. Recovery of both
humoral and cellular mechanisms occurred when
the animal was permitted to restore TD cell
levels above the 3,000 Ilymphocytes per
millimeter.

3. Complement (CH50) levels in the drained
calf were not altered over those obtained with
normal animals. Levels of five to six HU
were maintained after several weeks of drain-
age. Serum lysozyme was similarly unaltered
by drainage. Lymph chemistries ineluding pH,
Na, total protein, K, and total lipid did not
vary as a result of filtration nor did they vary
from the responsive to nonresponsive state.

4. A comparison of immunoelectrophoretic
patterns of calf lymph and serum showed
presence of an unidentified precipitin band just
below the antigen well in the serum when both
lymph and serum were precipitated by rabbit
anti bovine sera. Monovalent antisera to IgGl,
IgG2, IgM and IgA, graciously supplied by
John E. Butler, demonstrated presence of
these globulins in both lymph and sera of nor-
mal and depleted calves by IEP techniques.
Thoracic duet lymphocytes of normal and de-
pleted calves were reacted with antisera to hu-
man lymphocyte antigens (HLA 1, 2, 3, 9 and
LC 19,-25). Such cells gave bright fluorescence
when a fluorochrome was used as stain suggest-
ing antigenic similarities between bovine and
human lymphocytes.



lmmunblogical Response of Cows to Brucella Antigens

The immunological response of nonvaccinated
brucellosis-free lactating dairy cows to various
brucella antigens administered in variable
dosages by two routes was studied. The anti-
gens were viable Brucella abortus (strain 19),
heat inactivated B. abortus and soluble antigen
obtained from B. abortus by sonification and
fractionation by centrifugation, filtration, and
removal of a small fraction insoluble at pH 3.5.
It contained RNA, DNA, and protein in
roughly equal amounts. Antigens were ad-
ministered either by subeutaneous injection in
the neck region or by infusion into the right
rear quarter of the udder. In the latter case
antigens were dispersed in 10 ml of milk for
infusion. Udder inflammation, verified by
physical examination and by analysis of the
milk for chloride, was minimal. Blood serum
and milk were collected daily following
inoculation.

Anti-brucella titers of the serum were by the
standard tube agglutination test (STT) with
and without treatment with 2-mercaptoethanol
(ME). Brucella antibodies in milk were
assessed by the Brucella Ring Test (BRT).
For animals infused in the right rear quarter,
milk from that quarter was titered separately
by the BRT. ;

Five cows injected subcutaneously with about
16 X 109 cells of viable strain 19, three in-
jected with 5 or 10 ml of a 209 suspension
of killed cells, and 2 which received 50 mg
of soluble antigen all exhibited a rise in serum
titer beginning about the third day and peak-
ing in about 2 weeks. Much of the early titer
represented mercaptoethanol-sensitive antibod-
ies. The ME-stable titers tended to peak a

ROBERT JENNESS and ROBERT K. ANDERSON
University of Minnesota, St. Paul 55101

little later than total titers. Bruecella Ring
test titers of milk rose in some cases at about
the same time as those of serum; in several
cases no increase in BRT occurred.

Twelve cows which received infusion of 2.0 X
105 to 1.5 X 106 strain 19 eells in the right
rear quarter exhibited rather consistent re-
sponse patterns, higher titers being obtained
with the larger doses. Titers rose in about 7
days in the serum, early antibodies were largely
ME-sensitive, considerable BRT titers developed
in the infused quarters and sometimes but not
always, small BRT titers were found in milk
from the noninfused quarters.

Six cows infused with 20 to 100 mg of
soluble antigen in the right rear quarter de-
veloped serum titers (from about the third
day) followed by a slower but very dramatie
rise in BRT in milk from the infused quarter;
no titer was aequired in the other quarters.

Brucella specifie antibodies were isolated
from sera and milk taken at times selected by
STT and BRT titers. The procedure involved
adsorption of the antibodies from blood serum
or milk whey on cellular antigens, centrifuging
down the cells, washing, and eluting with 5 M
urea. Recoveries of titer were of the order of
25 to 509, of the titer in the serum or whey.
Analysis of the isolated preparations by im-
munoelectrophoresis, fractionation on Sephadex
G-200, and centrifugation in sucrose gradients
revealed large proportions of IgM immuno-
globulins in the early antibodies of both blood
serum and milk. The other principal class was
IgGl. No definitive evidence for the presence
of significant amounts of the IgA class was
obtained in any case.

Immune Response to Foot-and-Mouth Disease Virus

Cattle infected with foot-and-mouth disease
virus produced antibodies with different
physical-chemical characteristies and in a se-
quential manner similar to that described for
other animal species exposed to different types
of antigens. The various antibody types were

K. M. COWAN and G. G. WAGNER
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produced in sufficient quantities so that im-
munodiffusion techniques could be used for
their investigation. '

The antibody type detected by the 7th day
was 198 vy;-globulin and persisted at a demon-
strable level until about 30 days after the cattle



were infected. It was eluted from diethyl-
aminoethyl (DEAE)-cellulose "at high ionie
strength and did not give evident complement-
fixation reactions.

By the 14th day, antibodies of lower sedimen-
tation coefficient (S-rate) were detected and
could be separated on DEAE-cellulose into
fractions where the antibody activity had dif-
ferent electrophoretic mobilities. The antibody-
containing fraction first eluted contained only
a 7 S component, and the antibody activity
occurred in the y,-globulin region on immuno-
electrophoretic analysis. This 7 S-y, antibody
persisted at readily demonstrable levels for at
least 180 days. The 7 S-y, antibody-containing
fraction fixed guinea pig complement but not
to high levels. .

Following the elution of 7 S-y, antibody
from DEAE-cellulose, a series of fractions was
collected where the antibody activity was pro-
gressively more rapidly migrating upon electro-
phoresis. Two or 3 different electrophoretic
classes of antibodies were demonstrable. The
S-rates of these antibody types were not
established, but there was some indication that
they have rates of less than 19 S. These fast-

Immune Response to Anaplasma

Plasma samples from seven bovine carriers
of anaplasmosis were fractionated by high
speed centrifugation (35,000 rpm for 18 hr)
on sucrose density gradients (10 to 40%). The
resulting 10 fractions from each plasma sample
were tested for agglutinating activity in a card
agglutination test (2).

No agglutinating activity was found in any
of the individual fractions from four of the
seven plasma samples, but activity was found

migrating antibodies were demonstrable at 14
days postinfection and had complement-fixing
activity. Therefore, the differing biological
activity of the various physical-chemical classes
of antibodies was clearly evident in the ecase
of complement-fixing ability. It was pointed
out that this is also probably the situation with
neutralizing activity. Using guinea pig anti-
bodies as a model system, it was found that
25 to 30 molecules of IgG2 were required to
neutralize a foot-and-mouth disease virus,
whereas only 2 or 3 IgM molecules were re-
quired. Clearly, satisfactory evaluation of the
immune response requires a quantitative estima-
tion of the different physical-chemical classes
of antibodies present and the determination of
their biological activity at a molecular level.
Finally, the application of the reversed radial
immunodiffusion procedure was deseribed for
the quantitative determination of immunoglob-
ulins in serum or secretions. The reversed
procedure is more sensitive than the conven-
tional procedure for detecting materials oc-
curring in low concentrations in fluids, and has
the added advantage of utilizing much smaller
quantities of specific antisera. .

marginale
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in mixtures of fractions. Mixtures of inactive
fractions from the lower half of the gradient
(19 S) with inactive fractions from the upper
half (7 S) were active.

The response in fractions from the remaining
three plasmas was slightly different. Some of
the single fractions from the lower half of the
gradient were individually weakly active, but
mixtures of upper and lower fractions were
much more active.
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Immunization with Bovine Enteroviruses and Quantitative

Studies on Bovine Colostral IgG

In some of the earlier serological works
dealing with bovine enterovirus (BEV) strain
differentiation, it was noted by several in-
vestigators that these viruses were inhibited to
a considerable degree by normal rabbit serums
and those of several other species. In our
laboratory, it was found that pooled serums
from normal sheep, rabbits, cattle, pigs, dogs,
chickens, and horses all inhibited our BEV
strains to a considerable degree (in 1/10 dilu-
tion: chicken, 57, sheep, 81, calf, 100, and cattle,
100%). Inhibiting antibody was also found in
various commereial fractions (Cohn) of serums.
Serum from chickens and young lambs had the
least inhibiting activity.

Tn a recent immunization study, four of our
BEV strains were adapted to a mouse fibroblast
cell line where they formed clear plaques under
methocel overlay. Virus stocks containing
75 % 105 to 82 X 108 PFU/ml were used
to immunize rabbits. Seventy-two rabbits were
randomly divided into 4 groups and each im-
munized with BEV strain I, II, III and IV.
The results of the immunization showed very
slight increases in homologous titers. When
each serum was tested against all 4 BEV
strains, there were no differences between
homologous and heterologous titers. It was
found subsequently that the mouse cell adapted
viruses could not be adapted to rabbit cell
cultures, and it was postulated that the lack
of immune response in rabbits was due to the
high -preimmunization titers and failure of
these viruses to multiply in rabbit cells.

For quantitative studies of Ig®, serum and
colostrum samples were collected from selected
herds of dairy cattle during the months Novem-
ber through March. Blood and colostrum from
all four quarters were collected soon after
calving. The IgG contents of these samples
were determined by the radial immunoprecipita-
tion procedure (Table 1). The values obtained

TORBJORN MOLL
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for total IgG concentrations were in reasonably
good agreement with those obtained by other
investigators.

It was found that a few serum samples and
most colostrum samples gave double rings in
the test. In such serum samples the outer
ring was only slightly larger than the inner
ring. In most colostrum samples the outer
ring was considerably larger than the inner
ring (Table 1). Klaus et al. (17) also observed
double precipitation rings in the radial dif-
fusion test. They gave no explanation for this
and used the diameter of the outer ring for
caleulation of the total IgG concentration.
Previous studies have indicated that the IgGl
and IgG2 concentrations in bovine serum are
approximately equal but that the IgG1 is con-
siderably higher in colostrum than the IgG2
concentration. To explore the double ring
phenomenon further, a serum sample and a
colostrum sample, showing double rings, were
polyethylene glycol precipitated. The preeipi-
tates were redissolved in 0.02 M sodium phos-
phate buffer pH 6.5, and subjected to anion
exchange chromatography (Sephadex A-50).
Sample peaks eluted with 0.02 1 NaCl, 015 M
NaCl and 2.0 M NaCl were collected, coneen-
trated to original volume, and tested in the
radial immunodiffusion test. Each peak gave a
single ring. The serum and colostrum samples
as well as the anion exchange peaks were also
tested on Ouchterlony plates. The serum and
colostrum samples both gave double lines
against anti-IgG whereas the peaks from anion
exchange gave single lines.

From these preliminary studies we believe
that the double ring phenomenon results from
the presence of unshared antigenic determinants
on IgG1 and IgG2. The data in Table 1 may
not be accurate owing to the failure to use
purified IgGl and IgG2 preparations to
establish a standard curve.



34—285

Range
6.9 —22
134—20
50—18
5.0 —22
16.7 —57.6

Total IgG

Serum (mg/ml)

145+ 6.3
17.8 = 2.6
105 = 4.1
140 = 4.0
129+ 0.6

264 = 12.6

samples X = sE

Number
58
6
7o
18
100
100

6.8 —118.0
80.0 —120.0
38.0 —118.0

6.7 —118.0

Range
115 — 46.2
26.3 — 70.7

Outer ring

52.2 == 20.7
95.3 == 13.9
71.5 == 26.7
514 =299
341+ 21
43.3 == 14.0

Colostrum (mg/ml)

Range

0.7—16.2
31— 8.0
18— 8.0
0.7—16.2

Inner ring

5844
58=+=10.6
36=+21
5641

6
8

samples X =+ SE
57

Number

10
2 One cow had an inner ring of 12.5 and an outer ring of 35.0.

b One cow had an inner ring of 5 and an outer ring of 10.8.

¢ Penhale and Christie (26).

dKlaus et al. (17).

43
20

Mixed herdd

Ayrshires®

TasLe 1. IgG concentration in bovine colostrum and serum.

Group tested
All samples
Reported values:

Holstein
Guernsey

Jersey

Immune Response to Mammary
Gland Infections

N. L. NORCROSS

New York State Veterinary College
Ithaca, New York 14850

The immunoglobulins in lacteal secretions
vary with the phase of lactation. Colostrum
contains, quantitatively, predominantly IgG1 or
fast IgG. IgA and IgM have also been found
in eomparatively high concentrations. As lacta-
tion progresses the total amount of all the
immunoglobulins  decreases sharply.  The
amounts. of the various immunoglobulins in
milk have not been established quantitatively,
however, the total amount has been found to
be roughly less than 109 of that found in
colostrum.

Most immunoglobulin in early lacteal secre-
tions is IgG1 and presumably is derived from
the serum. In addition, there is much evidence
of the local production of immunoglobulins in
the mammary gland. Reports of the local
stimulation of speeific immunoglobulins against
many antigens by infusion of the latter into
one or more quarters of the gland are found
in the literature. Evidence for local production
of immunoglobulins in the mammary gland
stems from the increased presence of specific
antibodies in the quarter that has been im-
munized as opposed to the other mammary
quarters. It has been suggested with some
preliminary evidence, that much of the locally
produced antibody is of IgA elass.

Mammary gland infections are, in large part,
caused by species of staphylocoeei and strep-
tococei, perhaps none of which contain antigens
that stimulate the production of cross protective
antibodies. It has been shown that antibodies
against several of these pathogens can be de-
tected in the milk after either systemic or local
stimulation. The antibodies resulting from
systemic immunization have not been demon-
strated to be very effective in the milk. Inocu-
lation of streptococcal vaccines into the area
of the supra-mammary lymph node results in
antibodies in the milk mainly of the IgG class,
with some IgM and IgA antibodies also. Pos-
sibly these antibodies, like the anti-M protein
antibodies of Group A streptococei in humans,
render the streptococeci susceptible to phago-
cytosis. When milk antibodies were tested using
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the mouse protection test where there is an
abundance of phagocytie cells, they were found
protective. In the mammary gland, on the
other hand, where phagocytosis is less efficient,

less protective capacity was found.

The amount and protective capacity of the
IgA antibodies produced by local infusion of
antigen has not been determined.

Immune Response to Genital Infections

B. N. WILKIE, J. R. DUNCAN, and A. J. WINTER
New York State Veterinary College, Ithaca, New York 14850

Trichomoniasis, brucellosis, and vibriosis of
cattle stimulate the production of cervico-
vaginal (CVM) agglutinins which appear prior
to or in the absence of serum antibody. Genital
vibriosis is a venereal disease of cattle produced
by Vibrio fetus venerealis and manifested by
infertility, endometritis, and specific CVM anti-
bodies. Histopathologically the disease results
in foeal sub-epithelial accumulations of lympho-
cytes and plasma cells within the reproductive
tract. Component cells are highly pyronino-
philic and blast transformations are observed.
Immunofluorescence and electron microscopy
have been used to identify the causative orga-
nism in epithelial cells and sub-epithelial
mesenchymal cells of infected organs.

Five weeks following eervieo-vaginal inocula-
tion with suspensions of virulent V. fetus cells
mucus contains anti-O agglutinins of the IgA
type. Subcutaneous inoeculation of killed whole
V. fetus cells in Freund’s complete adjuvant
stimulates an increase in serum antibodies of
both IgG and IgM classes as well as the ap-
pearance of anti-whole cell CVM agglutinins
associated with the IgG class of immunoglob-

ulins. Aective immunization with either enterie
vibrio (V. fetus intestinalis) or with venereal
vibrio (V. fetus venerealis) results in the ap-
pearance of CVM agglutinins reactive with
either strain but with a higher titer for the
immunizing organism. Passive transfer of
serum from immunized animals to normal non-
immunized recipients results in the appearance
of anti-whole cell CVM agglutinins of the IgG
class. Actively immunized animals resist in-
fection and colonization of the reproductive
tract by virulent homologous V. fetus.

It would appear that transfer of IgG from
serum to CVM can ocecur in cattle since passive
immunization results in appearance of CVM
IgG with anti-whole cell specificity, like that
of the transfused serum. The possibility of
local synthesis of IgG in the reproductive tract
of actively immunized animals is not excluded.
Local infection with V. fetus venerealis, on the
contrary, results in predominantly IgG im-
munoglobulins of anti-O specificity. The reason
for the different specificity has not been
established.



Bovine Immune Response to Respiratory

Infections of Viral Etiology

Jensen-Salsbery Laboratories, Kansas City, Missouri

Calves 6 to 10 months of age which were
devoid of neutralizing (SN) antibody against
parainfluenza type 3 (PI3), infectious bovine
rhinotracheitis (IBR) and bovine viral diarrhea
(BVD) viruses were exposed intranasally (IN)
to these agents either alone or in combination
to evaluate a) the time required for appearance
of detectable SN antibody, b) the time of maxi-
mal titers, ¢) the correlation of serum antibody
(S-Ab) with nasal secretion antibody (NS-Ab)
levels at different times post-exposure and post-
challenge, d) the correlation between antibody
levels and virus excretions post-exposure and
post-challenge, and e) the influence on anti-
body response of concurrent infection with virus
combinations. »

Eight calves were exposed to PI3 or PI3
and IBR. Antibody was present in serum from
1 of the 8 (1/8) on Day 7, 3/8 on Day 8, 6/8
on Day 9 and 8/8 on Day 10. Titers of S-Ab
were maximal on Days 12 to 14 and were re-
ceding by post-exposure Day 21. Concurrent
infection with IBR virus had no apparent effect
on the time required for PI3 S-Ab to appear;
however, maximal S-Ab titers to PI3 were 4-fold
higher in calves with the combination infeetion
than in calves infected with PI3 alone. NS-Ab
against PI3 was present in all calves on Days
14,17, and 21 in titers of 1:3 to = 1:12. These
titers were not correlated with levels of S-Ab.
Following challenge with PI3 virus, no see-
ondary S-Ab response occurred, although titers
inereased slightly (2- to 4-fold) in some calves
between’ post-challenge Days 7 and 14, and did
not decrease by Day 21. Levels of NS-Ab
were no higher 14 days post-challenge than
maximal levels reached post-exposure, and by
Day 21 had decreased 2- to 12-fold in most
calves. Virus was recovered 7 to 9 days post-
exposure from all ealves and not at all post-
challenge.

Twenty calves were exposed to IBR virus
alone or in combination with PI3 or BVD
(NY-1 strain) viruses. S-Ab against IBR was
first detected in IBR or IBR-PI3 calves on
post-exposure Day 8 (5 of 16), was present
in 12/16 on Day 10 and in 16/16 on Day 12.
Of four calves exposed to BVD virus 72 hr
after exposure to IBR, only one had detectable
S-Ab to IBR on Day 10, while 3/4 had S-Ab
on Day 12, the remaining calf developing
detectable S-Ab between Days 14 and 17.

J. D. TODD
64100

Maximal levels of S-Ab were present on Days
14 to 21, titers receding somewhat by Days
31 to 45. Concurrent infeetion with BVD virus
apparently delayed the appearance of S-Ab
against IBR and resulted in maximal titers
4-fold lower than those detected in sera of
ealves exposed only to IBR or to IBR and
PI3 in combination. Coneurrent infection with
PI3 virus had no apparent effect on IBR S-Ab
production. Detectable levels (1:3 to =1:18)
of NS-Ab were present in all of 9 calves (IBR
or IBR-P13) tested on post-exposure Days 14,
17 and 21. Three of these calves were challenged
on Day 31, resulting in elevations of NS-Ab
by post-challenge Day 14 to =1:12 while no
inerease in S-Ab occurred. Only 2 of the re-
maining 6 ealves (not challenged) had detect-
able NS-Ab on Day 45 post-exposure, whereas
S-Ab titers of 1:4 to 1:48 were still present.
IBR virus was recovered from calves for 10
to 13 days post-exposure. Sporadie recoveries
were made during the first 10 days post-
challenge, indicating a low level of virus replica-
tion in some calves. Differences in NS-Ab and
S-Ab neutralization kinetics were observed with
both P13 and IBR post-exposure samples. NS-
Ab appeared to be less avid than S-Ab, evi-
denced by partial neutralization of similar mag-
nitude through several of the higher serial
dilutions.

Interpretations of these results are sum-
marized as follows: 1) Viruses which replicate
extensively in cells of the respiratory tract
epithelium evoke both humoral and secretory
antibody responses. Persistence of NS-Ab is
related to persistence or reapplication of the
local stimulus. Viruses such as BVD which do
not depend upon respiratory tract cells for
primary replication do not induce the formation
and elaboration of secretory antibodies. 2) The
secretory and humoral antibody mechanisms are
functionally independent as evidenced by a)
lack of correlation between levels of S-Ab and
NS-Ab, b) inverse relationships in increase or
decrease of S-Ab and NS-Ab, c¢) the total
absence of detectable NS-Ab in BVD infected
calves which have high levels of S-Ab, and d)
the differences observed in neutralization
kinetics between S-Ab and NS-Ab against both
IBR and PI3 viruses, suggesting lower avidity
of NS-Ab.



Immune Response to Bacterial Respiratory Infections

J. R. DUNCAN, B. N. WILKIE, and A. J. WINTER

Host resistance to respiratory tract disease
resides in both nonspecific and specific defense
mechanisms. Of the latter, most emphasis has
been placed on the induection and assessment
of local and humoral antibody as parameters
of host resistance. It has been well established,
_particularly in man, that a secretory immune
system (IgA) is of importance in respiratory
tract infections and that its response is poten-
tiated by local respiratory tract immunization.

Evidence for a seeretory immune system in
the bovine upper respiratory tract is now well
established. The predominant immunoglobulin in
bovine nasal secretions has a mol wt of ap-
proximately 400,000, a sedimentation coefficient
of 1184y, and a unique antigenic determinant
not found in its serum equivalent. It may
constitute up to 309% of the soluble protein in
nasal secretions and has a 20-fold higher con-
centration on a total protein equivalent than
in serum.

Earlier immunization studies with Pasteurella
hemolytica clearly demonstrated that antibody
production in the bovine respiratory tract is
potentiated by aerosol in contrast to parenteral
immunization and that the antibody aectivity

New York State Veterinary College, lthaca

14850

in nasal seeretions resides in an immunoglobulin
class compatible with 118 IgA. The role of
this antibody is colonization of the nasal pas-
sage by P. hemolytica and its protective fune-
tions in naturally occurring disease are not
established coneclusively.

A more recent study on natural antibody
production to Vibrio fetus in nasal secretions
corroborates the local nature of antibody pro-
duction at various mueous surfaces. Concurrent
determinations of total protein (TP), immuno-
globulin (IgA, IgGl, and IgG2) and albumin
levels in nasal secretion, tears and saliva has
been made in order to define a possible index
of local versus systemie origin of immuno-
globulins in secretions of eattle. Results from
2 cattle suggest a definite correlation between
a high albumin/(TP) ratio and a high IgG/
TP ratio in nasal secretions while the IgA/TP
ratio is independent of the albumin/TP ratio.
The natural antibody titers to V. fetus were
independent of the IgA/TP ratio or absolute
level of IgA in nasal secretions while limited
fractionation studies indicate all the natural
antibody activity resides in the IgA fractions.
Absolute values are given in Table 1.

-TasLe 1. Total protein, albumin, and immunoglobulin levels in bovine nasal secretions.?

Weeks
Animal Protein 1 2 3 4 5 6 7 8 9 10
(mg/l)
26 Total 205 127 176 152 191 112 127 143 160 118
Albumin 13 16 10 J2 13 07 10 .09 12 .08
IgA 325 198 253 178 198 60 106 105 220 1.00
IgG2 .06 04 07 .05 .03 02 02 .03 .03 .02
IgGl 19 a1 d6 11 10 07 07 .08 10 .04
30 Total 176 138 164 152 210 9.3 88 154 139
Albumin 07 07 28 .90 46 .09 16 23 16
IgA 150 123 225 130 214 50 120 265 0.78
IgG2 .03 .02 14 49 18 .03 11 23 12
IgG1 07 a7 24 .73 22 .03 07 28 14

& Total protein determined by biuret method. Albumin and immunoglobulin by radial immuno-

diffusion. IgM not determined.



SESSION V. HYPERSENSITIVITY

Chairman: R. M. Schwartzman, School of Veterinary Medicine, University of Pennsylvania, Philadelphia

Immediate Hypersensitivity—a Summary

New York State Veterinary College, lthaca, New York

A general review was made#f the incidence,
etiology, clinical findings and laboratory diag-
nosis of the clinical allergies which have been
reported in cattle (8).

One specific condition, milk allergy, a
naturally occurring syndrome in cattle was
described as a model of a disease produced pre-
dominantly by hypersensitivity of the immediate
type. This condition has an annual incidence
of 0.5% in New York State and it is seen in
most breeds of dairy cattle. Udder engorgement
and actual milk let-down frequently precede an
episode. Clinical signs of the disease are seen
mostly in the respiratory system and the skin;
they are due apparently to an increase in
vascular permeability, increased secretions and
smooth musecle contraction. These cows give a
positive skin test with autologous, homologous
but not heterologous milk at a dilution of

S. G. CAMPBELL
14850

1:1,000. It is possible to transfer this hyper-
sensitivity to calves passively with serum and
to reproduce the syndrome experimentally by
causing allergic cows to retain their own milk.
It is therefore assumed that these cows become
sensitized to milk or some component of it and
when they are forced to retain milk they ab-
sorb some of it and show the manifestations
of an immediate allergic reaction (9).
Finally it was pointed out that little defini-
tive work has been done on the immediate form
of hypersensitivity in cattle. Recent interest
in the topic has revolved around its role in the
pathogenesis of respiratory and gastro-intestinal
disease in ecattle. Relatively little definitive
work has been done on the exact nature of the
immunoglobulin responsible for' the immediate
form of hypersensitivity in cattle and most of
the results to date are summarized in Table 1.
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| ’Dmél!‘ayﬂed Hypersensitivity

Delayed-type hypersensitivity is found to
occur in individuals following infection with
many bacterial, mycotic and viral agents.
Microorganisms which induee delayed-type hy-
persensitivity appear to have one thing in
common—they are intracellular parasites at
some stage in infeetion. This allergic reaction
can be elicited after infections such as tuber-
culosis, brucellosis, glanders, leprosy, Johne’s
disease, toxoplasmosis, and histoplasmosis.
Among the viral agents which give rise to
delayed-type hypersensitivity are vaccinia and
munips. While all viruses are obligate intra-
cellular parasites, it appears that those which
induce delayed-type hypersensitivity are pri-
marily those which mature at the cell surface,
such as vaceinia. :

Delayed-type allergic reactions are placed in
a special category for the principal reason that
they cannot be shown to relate to circulating
antibody. The procedure of passive transfer by
serum is uniformly unsuccessful. Transfer by
cells of lymphoid tissue, inflammatory exudates
or white cells from the blood has been success-
ful. The role of this allergic reaction in the
area of eellular immunity to microbial infection

JOSEPH QUINN
Ontario Veterinary College, Guelph, Canada

is still not clear. Some findings suggest a eco-
relation between modification of maerophages
by intracellular parasites such as the tubercle
bacillus and in vivo resistance to myecobacteria.
However, other results do not support this
concept. The relationship of immunological
mechanisms to the clinical illness in Johne’s
disease have been examined and it is suggested
by some workers that some of the lesions
associated with Johne’s disease in ecattle may
be due to the interaction of sensitized cells and
antigen (delayed hypersensitivity) resulting in
the release of eytotoxin and pyrogen which
mediate the febrile responses, emaciation and
anaemia.

With protein antigens, production of delayed-
type hypersensitivity usually requires the use
of Freund’s adjuvant; contact sensitizers re-
quire percutaneous application. Tolerance can
be produced by the introduction of appropriate
materials by a route which produces wide
dissemination but does not produce sensitization.

Manifestation of delayed-type hypersensitiv-
ity is often transient if no depot of antigen
in the sensitizing form remains.

Migration Inhibition Test on Peripheral Bovine Leukocytes
and Its Possible Application for the Diagnosis of Johne’s Disease

OLE AALUND

Royal Veterinary and Agricultural University, Copenhagen, Denmark

The migration inhibition test on peripheral
leukocytes has been found in a variety of sys-
tems to constitute a reliable in vitro procedure
for the demonstration of delayed type hyper-
sensitivity (1).

High yields of human leukocytes may be
obtained by aspiration of the supernatant
plasma, after sedimentation of the erythrocytes
at 37C in a normal gravitational field (1 X g).
The erythrocytes from normal individuals of a
variety of nonhuman species, including cattle
and swine, have an extremely low sedimentation
rate. In these species, the leukocytes were
barvested from the buffy coat layer after

centrifugation for 10 min at 1,000 X ¢ and
the erythrocytes eliminated by hypotonic shock
for 1 min in 1:45 Hanks’ solution. This pro-
cedure proved equally applicable to rabbit and
guinea pig blood.

The leukoeyte yield averaged 39 =+ 129%
(n = 56) and only an insignificant change
occurred in the differential eount. Eighty to
909 of the harvested cells were viable as
estimated by exclusion of trypan blue. Exeept
for moderate changes in the appearance of the
nuclei of the heterophils, the cell morphology
was unaltered. Heparin, 25 IU per milliliter
of blood, was preferred as the anticoagulant
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sinece experiments with EDTA ealeium deple-
tion of the blood had demonstrated that the
specific reactivity of the leukocytes was re-
duced to a period of six hours. The medium
used was Difco TC 199 supplemented with
10% normal horse serum. The medium con-
tained 500 IU penicillin and 500 mg strep-
tomyein per milliliter.

The results from the testing of two Jersey
herds with a low, but persistent incidence of
cattle infected with Mycobacterium paratuber-
culosis are listed in Table 1. Animals were
scored positive when their index of migration
was more than 1 standard deviation below the
mean index for the respective age group of
the herd. The test antigens used were old
type Johnin and avian tuberculin containing
respectively 32 and 26 mg dry matter per
milliliter. ‘

None of the animals in Herd 1 reacted
positively to both the leukocyte migration test
and the complement fixation test. In Herd 2,
only 2 animals were positive to both tests. The
reaction appears to be specific since intradermal
inoculation of the antigen removed the inhibi-
tion of migration for 2 weeks.

While these results are preliminary, they seem
to indicate poor correlation between the leuko-
cyte migration test and the complement fixation
test. This lends hope to the possibility of a
preclinical diagnosis of infections with M.
paratuberculosis by the leukocyte migration test.
The results also suggest that the leukocyte

TaBLE 1. Positive leukoeyte migration inhibi-
tion tests in 2 Jersey herds infected with
Johne'’s disease.

Antigen and dose added
to 1 ml migra-
tion chambers

. Com-
Age ﬁ];':ﬁ ple-t
of . . men
the Johnin culin fixa.
ani- 0.20 0.25 0.05 010 tion
mals ml ml ml ml  tests
Herd 1
=2 yr 3/24¢ 9/24 1/24 4/24 0/24
>2yr 2/52 8/52 4/48 3/52 2/52
Herd 2
=2 yr 4/13 1/12 4/10 3/12 2/13
>2yr 8/75 11/76 4/36 3/40 7/76

8 The numerator is the number of animals
positive, the denominator is the number of
animals tested.

migration test probably can differentiate be-
tween Johnin and avian tuberculin hyper-
sensitive individuals.
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